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SUMMARY 



The results are presented of a series of flight tests 
of the pe.rf orm.'ince and cooling cha.racteris t ics in hi^!;h-speed 
level flight and in climb of the XP-4P. airplane equipped 
with n. Ghort-no'-^e lo inl e t - ve 1 0 c i t y cowlinj&; and an axial- 
flo;7 fan mounted on the spinner, Thic cowlin.T is one of a 
series hein^;- tested in an effort to iniprove tho performance 
and cooli/ij^; characteristics of air-cooled engine installa- 
tions* 



The results of the tests indicated a maximum speed of 
230 miles per hour at 890 horsepower at 16,000 feet, which 
is aoove the en-'ine critical altitude. 

pressure ;iieasu*'en:ont s at t-ie entrances to tho cylinder 
hafilos shov'od .'\ uniform d i s t r il>v t i on of co 0 1 in.-^-a i r pres- 
sur.;s on t}-;o front o^ the engine in hi;7:h- speed level flight 
and a. fairly oven d i t r i "but i on in clir;.o. Theso front pres- 
suroir' averi.fed C7 peicent 01 frf>e-stream ihipact preosiire in 
the iiigh-speed condition, ^9 percent in full-pov^er climb at 
155 -.-niles per hou.r, and 105 percent in f ull-po. ' r^r climb at 
140 iiiiles per hour. 

Cyl inder-hv;ad t ornper j.ture s were ^ell jelow their spec- 
ified 3imii; under all c 0 ad i t i 0 n , but rraxim^i.m cylinders- 
base t emp^ratur.-^s in the h'gh- speed condition exceeded 
their specified limit when corrected to Amy summer air» 
Cylinder-base tv-jmp^r-itur es in climb v/ore marginal* 

VJhen the cylinder bafflin^^* w^s made r^ore nearly stand- 
ard by removal of the special sealing strips at the Dottom 
of the baffles on tho cylinder .barrels, maximum base-temper- 
ature indication;, wer.; redviced 15^' F. A redu.ction of this 
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ma^nituds brings "bas^^ t erapor atur s "brolow Army limits in 
all conditions. 



INTRODUCTION 



The NACA ic c ondiic t iiif: an exte/isive series of flight 
tests, as outlined, in references 1 and 3, in an attempt to 
improve the characteristics of radial air-cooled engine 
installations. 

In order to differentiate readilj^ between the various 
installations tested, test numbers have been assigned to 
each airplane condition. They are as follov/s: 

Test Type of covrlinp; and fli;'^'ht condition 

1 Long-nor.e hi^sh-inlet-veloci ty covling with small 

cowl flaps; high speed 

3 Long-nose high-inlet-velocity cowling with modi- 

fied cowl flaps; climb 

3 Short-nose high-inlet-velocity cowling with small 

cov/1 flaps; high speed 

4 Short-nose lev;- inl e t-ve 1 oc i ty cowling with fan, 

cuffs, and small cowl flaps; high speed 

5 Short-noso low-inlet-volocity co^'lin.i; with fan, 

cuffs, and modified cowl flaps; climb 

6 Short-nose low-inlot-velocity cowling vfith fan, 

cuffs, and modified cowl flaps; high speed 

7 As in test 6, but with baffle seal strips at 

base of cylinders removed; high speed 

The results of tests 1 and 2 are described in reference . 
1, and those of test 3 in reference 2. The present paper 
covers tho results of te-.its 4 to 7. 

The design of the cowling and engine ins tallat ion ,was 
a project of the Air-Cooled Engine-Installation C-roup sta- 
tioned at the Laboratory. The members of this group associ- 
ated with this project included Mr. Howard S. Ditsch, of the 
Cur tiss-Wright Corporation; Mr. Peter Torraco, of the Republic 
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Aviation Corporation; Mr. William S. Hichards, of tho T^/ight 
A-ron^iutical Co r:TO rat i on ; .-nd Mr. James S. ThompGon, ox Pratt 
& Whitney Aircraft. The Army Air lorces, Materiel CoTnmr.nd, 
sponsored the invo st i^jat i on and supplied the XP-42 airplane. 
7;-[ T-ho Curtiss-Wright Corporation, Airplane Division, handled 

I the construction as well as the structural and detail design 

of the cowling and supplied personnel to assist m the ser- 
vicing- and maintenance of tae airplane and cowlin.- during 
the teDts. Pratt & Whitney Aircraft prepared the engine and 
torcue meter for the tests and assisted in the operation and 
servicing of the engine. The propeller, cuffs, c.nd spinner 
were supplied hy the Cur t i s s-Wr i ght Corporation, Propeller 
Division, 

This paper v/ac- originally issued (Morch 28, 1942) as a 
memoranduin report for tiio Army. 

XP-42 AIRPLAZTE WITH SE0HT->T03S LOW- 
IIJLST-YSL OC ITY COWLINCr AND FAi' 



Tho XP-42 airplano used in tho tests is described in 
references 1 and 2. Figure 1 is a dimensioned drawing of 
tho short-nose loH-inlet-veloc ity cowliii.fl; and fan installa- 
tion. Tho outer covrlins is the same as that of the shoro- 
nose high-inlot-volocity installation; out tho inner section 
has heon modified by the use of a smaller spinner, the fan, 
and a strr.i^-htor diffuser section of greater inlet area de- 
signed for an inlet-velocity ratio of 0.3. Figures d to 5 
are photographe of tho covling as installed on the airplane. 

The fan had 30 hlades, each 2~ inches long, 3^ inches 
root chord, and l| inches tip chord and oet at an angle of 
aTDprcximately 46^''^to the plane of rotation. The diameter 
of' the stiinner at the fan-hlade root was 28 inches and the 
gap oetween the tip and outer surface of the diffuser was 
5/lG inch. The re-^ults of i*- ind-tunnel t ?sts of a sinilar 
fan c^re gi-ven in reference 3. 

The cowling was originally equipped with only two 
cowl fla-ps on either side. These four flaps were found 
to he inadequate for cooling in clirah; and three fixed 
cowl flaps, whose setting could he chang.ad on the ground, 
were added to each side for the climb tests. The added 
cowl flaps are shown in the closed position in figure 5. 
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The airplane, as prepared for ths tests, v/eighed 6000 
pounds with pilot and full tanks. The airplane v/as 
equipped with a standard aerial Lut had no provision for 
guns . 

t:h:st apfabatus a'td PHOCEDinii; 



The ini' t alia t ion of the test oquix^'inont is ciescrioed 
in reference 2* 

After preliminary gr ound-coclin^r and flight -checks, 
the maxinnim speed wa3 detorminod "by making level-flight 
runs at full power ab and above the engino critical alti- 
tude, as described in reference ^. The cowl skirt was then 
cut for the installation of additional cowl flajps, and climb 
tests were madj v;ith the cowl flaps fixed open. 

The first of tncsc climb tests was a sustained climb 
to 20,000 feet at apprcxiua.t ely 155-miles-per-hour indicated 
airspeed, an engine speed of 3550 rpm , and 40 inches of mer- 
cury manifold pressure to full throttle, with the carburetor 
setting in automatic rich. The second clinb war. to the same 
altitude at 140-miles-per-hour indicated airspeed and an en- 
gine rp30d of 3550 rpm in full rich. The manifold pressure 
v/as kept at 432f inches of mercury for altitudes beloi7-7000 
feet, then at 41- inches of mercury to full tnrottlo. All 
recording instruments exnei^t the manometer, used to record 
cooling-air pressures, v/jre 1-jit on throughout each climb. 
The manometer v/ns left on for 40 seconds of ev^ry mi^iute 
during the climb. 

After the climb" tests, the cowl flaps were fixed closed 
and additional high-speed runs v^ore made to determine the 
effect of the added cowl flaps on the maximum speed of the 
airplane . 

Kino of the fourteen sm.all sealing strips betv/een and 
at the bases of the cylinders were then removed, and high- 
speed runs w>.:re mad"; in order to determine the effect of 
the sealing strips upon the observed C7/-Iinder temperatures 
and cooling-air pressures. The othnr five sealing strips 
were not removed becaiise they v/ere difficult to reach with- 
out removal of much of the exper imeiital pressure tubing, 
ignition harnes.s, and other apparatus. The strips remaining 
in place v/ere between cylinders 1.2 and 13, 11 and 1, 1 and 
2, 2 and o, and 9 and 10. ;^ach strip W3.s 2 sr[U^^re inches 
i n a r e a • 



SYMBOLS 



airplane impact pressi^re, inches of water 
Ap average pressure drop across engine, inches of \:ator 
a f r e 0 - a i r d c n s i t y ratio 

volume flow of frje n,ir, cubic feat per minute 

propulsive efficiency of propeller r-nd exhr-ust stack 
comh inat ion 

S v/inc- area 

Ct) dra^; co-fficient of airplane 

"bhp brake horscpov.^er 

7 true airspeed 



RESULTS ANj3 DISCUSSION 



The data obtained during; the high-speed runs and durin 
the climbs are presented in tables I and II. The important 
climb-test d:',.ta are shown in f i^;uro 6 in the form of time 
histories of the climbs. 



Maximum Speed 

The values of maximum speed obtained from level runs 
at full throttle near and above the en/^ine critical alti- 
tude are plotted a^^ainst density altitude in figure ?• 
In the same figure are plotted the observed brake horse- 
power and t>ro parameters representative of the aerodynamic 
refinement and of the effective power, respectively, as 
explained in references 1 and 2. These data are presented 
both for the airplane with the original cowl flaps (test 4) 
and with tlio modified cowl flaps (tests 6 and 7). 

The series of speed determinations with the original 
cowl flaps gave much more consistent results than were ob- 
tained with the mcdifi;.d cowl flaps. 
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?ho oloGorvcd ■liffer.^nce in speed for the tv;o installa- 
tions was 3 miles per hour, or 1 percent of the spaed. As 
may "be seen from fi^^ure 7, tnis sp-^^ed loss is the result of 
a loss in "botn po'-rer and aerodynamic cleanness. The values 

of the pc-^rameter ^Jl^y shew a loss of apprcxinat ely 

1/" percent or 1 nils per hour, duo to pov;er and the values 

of the -parameter 5?.. 73 ( -IL. ] show a loss of 2/3 percent, 

or 2 miles per riour, due to increared drag. 

The speed comparisons of references 1 mid 2 are ex- 
tended in fi^;;ure 8 to include the ooserved ma:>:.imum spaed 
values for the present installation with the original cov^l 
flaps. The values shown for the previous XP-42 ir-stalla- 
tions (tests 1 and ?) were chosen as hein^ most nearly rep- 
resentative of tile test performance of each installation. 



Because of the difference in po'/er output from the 
engine in each S3ries of tests, the three XP-42 installa- 
tions cannot he conipared directly in terms of observed 
maximum speed. Sxamination of figure 8 shows that, if in 
each case the engine had delivered its rated military power 

(1000 hp at 14,500 ft; Jlli£ = 1554), tne speed comparison 

would "be: 



Installat ion 



0 D s e r V e d m ax i rauiii 
speed 




Maximum speed at 
1000 hp at 
14,500 ft 
(mph) 



Xr-42 shor t-no oO 

low- in let-velocity 
with fan (test 4 ) 

XP-4 2 r ho r t - n o s e 

h i £;h- i n 1 e t - V 3 1 0 c i t y 
(test 3) 

XP-42 lon^-nose 
(tost 1) 



3S7 

339 
344 



The engine power ohserved for the present installa- 
tion includes the power absorbed by "both the fan and the 
propeller. Although the fan tests reported in reference 3 
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did not include the blade ar.gl-3 r.sed in tho present fan, 
extrapolations from those tests indic<'.ite that the fan 
absorbed appr oxim st e ly 20 horsepower in hi^^^h-speed level 
fli^^ht, or the power equiv:ilent of 2 miles per hour in top 
speed. 

I 

PressTires and Temperatures 

The distributions of engine cooling-air pressures for 
tests 4, 5, and 7 are shown in figure 9, 

?or the hi^h-speed condition, the coolin^-nir pres- 
sures on the front of the engine are very nearly uniform, 
both as to variation of pressures around the engine and 
as to variation of pressures v/ith the location of the point 
of measurement on the individual cylinder. The pressures 
noted on the exhaust side of the barrel of cylinder 3 may 
be expected to be lo-; because the points of measurement lay 
in the wake of a large ignition-cable conduit and next to 
a hole in the baffling-;. The variation of pressures at 
different points on a given cylinder may be expected to be 
smaller with this cowling than with the cowlin.;s previously 
tested because of the relatively low velocity of the enter- 
ing cooling-air Jet. 

In the cliiiibs at 155- and at 140-m i 1 e s-pe r-hour indi- 
cated airspeed, the variation of cooling-air pressures on 
both the front and the rear of the engine v;as somev/hat 
greater than in the high-speed condition; and, as the angle 
of aitack increased, there ^/as an increase in both front 
and rear pressures at the bottom of the engine as compared 
with pressures observed near the top of the engine. It is 
to be noted that, as the povrer dropped off at altitudes 
above critical in cli.iib, average front pressures decrc;ased 
and coverage rear pressures increased. 

The distribution of cylinder head and barrel teiVipera- 
tures is snown in figure 10 to be very nearly the same at 
full throttle both in hign speed and in climb when the 
carbur L.tor-ruixture control is in automatic rich. Figure 11 
indicates that this distribution pattern remains constant at 
all altitudes in that carburetor setting. Comparison of 
figure 12 with figure 11, however, shows that, although the 
temperature distribution in full rich is similar at low 
altitudes to that in automatic rich, it becomes markedly 
different at high altitudes as the fuel-air ratio increases. 
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•This charif:;e in tenperature distribution takes place with 
no change in cooling-air pressure distribution during the 
climb. (See f i.g. 9 .) 

In general, there is no a;pparent corral?rbion bet^recn 
individual cylinder t e}Tiperature s and the pressure drops 
across those cylinders. The effocts of the small observed 
variations in c o ol in,^^--air pressure are obscured by varia- 
tions in other factors, such as mixture d ist ribut ion , char;_^o 
weight, cylinder construction, and baffling. The results 
discussed in the preceding paragr<xph indicate that, for very 
rich mixtures, the fuel distribution is the predominating 
factor in determining^ the temperature d i s tr ibu.t ion. 

The cylinder bafflf^s provided v/ith this engine differ 
from the baffles ordinarily used in that they fit closer 
to the fins and Include small cealin,>i; tjtrips betv/een ad- 
jacent cylinder barrels from the bottom barrel fin to the 
mounting:; flange. In t.'iis test and in previous tests with 
the same baffling (refuroncos 1 and 2), cylinder-head tom- 
prraturos were well below their specified Army limit but 
cylinder-barrel temperatures exceeded their limit in the 
high-speed level-flight condition and ^..-ore uiarginal in the 
climb condit i on. 

It was thou;^ht that a more nearly standard baffling 
arrangement, permitting a flow of cool air around the un- 
finned portion of the barrel and on the thermocouple, might 
result in lower temperature indications on the barrels* 
Those baffle seals which could be reached easily vrere there- 
fore removed for a series of high-speed runs (test 7). Fig- 
ure 13 shov/s a comparison of the head and barrel tempera- 
tures observed during these runs vrith temperatures observed 
while the baffle seals were in place. There was no change 
in average or in maximiim cylinder-head temperatures, but 
the maximum barrel temperature was reduced by 15^ I to 20^ IT 
and average barrel temperatures were reduced by 10*^ J. Fig- 
ure 9 and table I show that the coolin.^;-air pressures on the 
front of the engine did not change. Thu rear pressures, 
however, increased by approximately 0.01^^, presumably be- 
cause of the increased air flow where the baffle seals were 
removed. 

The removal of the baffle-seal strips brought all ob- 
served barrel temperatures below the Army limit. (See fig. 
13.) l^Jhethor this procedure resulted in a cooling of the 
barrels or of the thermocouples is not established, bat the 



apparent reduction of temperatures so achieved would have 
"been sufficient to reduce barrel-temperature indications 
below the Army limit for this and all previous cowling 
arrangements in all climb and level-flight tests. Aver- 
age and maximum cylinder temperatures during climb have 
been plotted in the time histories of figure 5» In order 
to facilitate comparison of these temperatures vrith their 
specified Army limits, these temperatures have boon ro- 
plotted in figure 14 in °J above free-air temperature. 
Cylinder-head temperatures were well belo>r their limit 
but maximum cylinder-barrel temperatures were marginal. 
The shape of the cylinder-head maximum-temperature curve 
for the full-rich climb v/as caused by a change of the maxi- 
mum tem.perature from cylinder 13 to cylinder 9. 

In the present installation, the amount of cooling- 
air flow through the- engine could not be calculated from 
the pressures observed at the survey rakes in the annulus 
because of tlie twist imparted to the air by the fan. Ex- 
cept for the case where the baffle seals are removed, the 
air flov/ can, hov;ever, be calculated on the assumption that 
the orifice coefficient, based on average front and rear 
pressures for the present installation, is the same as that 
of the short-noso high-inlet-volocity cowling installation 
(reference 2). lor that installation, the air flow could 
be calculated from the equation 



Ap /qc 
'I = 4120 / / — 

where 

volume flow of free air, cubic feet per minute 

Ap average pressure drop across engine, inches of water 

q^ airplane impact pressure, inches of v;atc;r 

Q free-air density ratio 

On the basis of the preceding equation, the cooling- 
air flow through the engine in high-speed level flight with 
both the original and the modified cowl flaps v/as approxi- 
mately 21,100 cubic feet of free air per minute in the 
range of altitudes tested. The inlet-Velocity ratio was 
then approximately 0.33. 
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CONCLUSIONS 



1. The maximum speed of the XP-42 airplane obtained 
with the short-nose low-inlet-valoc ity cowling, the axial- 
floiv fan, and propeller cuffs v;as about 2 miles per hour 
less than that obtained with the short-nose high-inlet- 
velocitv cov/ling, and about 7 miles per hour less than 
that obtained with the long-nose h igh- in 1 e t-ve 1 o c i ty cowl- 
ing at the same power and altitude. 

2. Cooling-air pressure recoveries on the front of 
the engine were 87 percent of airplane impact pressure in 
the high-speed condition, 99 percent in the full-power climb 
at 155-miles-per-hour indicated airspeed, and 105-percent in 
the full-power climb at 140-miles-per^hour indicated airspeed, 

^3. Cylinder-head temperatures were satisfactory in all 
conditions, but maximum cylinder-base temperatures exceeded 
the Army limit in the high-speed condition and were marginal 
in climb. A more nearly standard baffle arrangement, obtained 
by removing the soaling strips from the bottom of the cylin- 
ders, reduced the cylinder-base temperature indications below 
the Army limit. 
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Figure 3.- Three-quarter front view in test condition 6, 
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Figure ?• - Hlgh-»p66d perforrnance of XP-i42 airplane In tasts b 
and 7. 
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Figure 8, - Comparison of high speeds of several airplanes* 
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Rcfure. 10- Comparison of cylinder ■/■emperfure, dtsiribuiion 

for climb and hioh 3peeo of full power in 
aufomotic rich (Test L^and b). 
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PlKure 11, - Cylinder temperature distribution at several altitudes Figure 12, - Cylinder temperature distribution at several alti- 
In full-power cllinb in automatic rich. (Test 5) tudos in full -power climb in full rich (T#ilt 5) 
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Figure 14.- Cylinder temperatures in climh In relation to Army li^^-its (test 5). 



